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tively	 under	 divergent	 selection	 suggested	 potential	 for	 local	 adaptation	 in	 this	
region.	We	found	signatures	of	 isolation‐by‐distance	and	significant	genetic	differ‐
ences	 between	 nearly	 all	 sites.	 Sites	 closest	 to	 the	 periphery	 exhibited	 increased	
within‐population	relatedness	and	decreased	effective	population	size.
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1  | INTRODUC TION
Within	 the	 spatial	 distribution	 of	 a	 species,	 peripheral	 popula‐
tions	 can	be	prone	 to	 edge	 effects	 that	 significantly	 alter	 their	






high	 genetic	 diversity.	 In	 contrast,	 peripheral	 populations	 are	
often	fragmented	and	gene	flow	occurs	from	a	single	direction.	
Isolation,	 coupled	 with	 higher	 selective	 pressure	 in	 marginal	
habitats,	 results	 in	 reduced	population	 sizes,	 low	genetic	diver‐













to	have	higher	evolutionary	value	 than	 those	with	 continuous	pe‐
ripheral	populations	(Bunnell,	Campbell,	&	Squires,	2004;	Lesica	&	
Allendorf,	 1995).	 Therefore,	 it	 is	 important	 to	 increase	our	 under‐
standing	 of	marine	 species	 and	 geographic	 regions	 prone	 to	 edge	
effects.
One	 region	 of	 interest	 for	 marine	 species	 is	 the	 Ryukyu	
Islands,	which	mark	 the	 northern	 periphery	 of	many	 ubiquitous	
coral	 reef	species’	 ranges	 in	the	western	Pacific	Ocean	 (Randall,	
1998;	Veron	&	Minchin,	1992).	This	trend	is	generally	attributed	
to	the	steady	decrease	in	sea	surface	temperature	to	beyond	the	
thermodynamic	 threshold	 of	 tropical	 reef	 organisms	 at	 increas‐
ingly	 higher	 latitudes	 (Crossland,	 1984;	 Dana,	 1843;	 Jokiel	 &	
Coles,	1977;	Rosen,	1975;	Vaughan,	1919).	Hermatypic	corals	are	
obligatory	habitat	 for	many	 tropical	 reef	 species	 and	 their	prey,	
and	 at	 the	 latitude	 of	 the	 southernmost	 main	 island	 of	 Japan,	
shallow	 water	 reefs	 are	 classified	 as	 marginal	 due	 to	 low	 sur‐




the	Ryukyus,	 though	 range	expansions	are	beginning	 to	be	doc‐
umented	 with	 rising	 global	 sea	 surface	 temperatures	 (Yamano,	
Sugihara,	&	Nomura,	2011).
The	 steady,	 northerly	 stream	 of	 warm	 surface	 water	 flow‐
ing	through	the	Ryukyu	Islands	that	results	in	the	persistence	of	
coral	 reef	 organisms	 at	 higher‐than‐normal	 latitudes	 is	 provided	
by	a	powerful	western‐boundary	current	known	as	the	Kuroshio	
Current	 (Veron,	 1992;	 Yamano,	 Hori,	 Yamauchi,	 Yamagawa,	 &	
Ohmura,	 2001),	 but	 the	 role	 that	 western	 boundary	 currents	
such	as	the	Kuroshio	Current	and	its	Atlantic	Ocean	counterpart,	
the	Gulf	Stream,	may	play	 in	shaping	the	genetic	patterns	 in	the	




peripheral	 populations	 is	 passive	 propagule‐dispersing	 seagrass	
(Arriesgado	et	al.,	2015,	2016	;	Kurokochi	et	al.,	2016;	Nakajima	
et	 al.,	 2014)	 leaving	 a	majority	 of	 the	 tropical	 species	 and	 eco‐




ical	 marine	 populations	 since	 it	 contains	 both	 the	 topography	
to	 support	 disjunct	 populations	 and	 the	 oceanography	 to	 sup‐
port	 continuous	populations.	The	Kuroshio	 is	 formed	when	 the	
Northern	Equatorial	Current	(NEC)	hits	and	bifurcates	north	and	
south	 at	 ~13°N	 along	 the	 eastern	 coastline	 of	 the	 Philippines	




finally	 turning	 east	 off	 the	 coast	 of	Honshu,	 Japan	 to	 form	 the	












history	 beginning	 as	 pelagic	 larvae	 and	 settling	 on	 coral	 reefs	
as	 juveniles.	 In	 contrast	 to	other	 fusiliers,	 such	 as	 those	 in	 the	
genera	Pterocaesio and	Dipterygonotus,	it	has	been	noted	that	C. 
cuning	 larvae	are	primarily	 “coastal”,	being	nearly	always	 found	
over	 the	 mid	 to	 inner	 continental	 shelf	 (Reader	 &	 Leis,	 1996).	
Observations	of	eleven	C. cuning	larvae	in	situ	also	showed	some	
evidence	 that	 larvae	 can	 detect	 and	 orient	 themselves	 toward	
reefs	 (Leis	 &	 Carson‐Ewart,	 2003).	 Adults	 are	 non‐migratory	
and	dependent	on	reef	structure	for	protection	at	night.	These	
observations	suggest	that	long	distance	dispersal	in	C. cuning	 is	
unlikely	 without	 the	 presence	 of	 a	 strong	 oceanographic	 con‐
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range	 in	 the	 Kuroshio	 Current.	 A	 panel	 of	 2,677	 neutral	 single	
nucleotide	 polymorphisms	 (SNPs)	 was	 used	 to	 address	 to	 two	
main	questions:	(a)	do	peripheral	C. cuning	populations	within	this	
western	 boundary	 current	 exhibit	 continuous	 or	 disjunct	 popu‐
lations,	 and	 (b)	 are	 the	 genetic	 signatures	 of	 edge	 effects	 pres‐
ent	 that	 are	 expected	 by	 the	 CPPM	 from	 central	 to	 peripheral	
populations?
2  | MATERIAL S AND METHODS
Pectoral	fin	and	muscle	tissue	were	collected	from	307	fish	at	re‐
gional	 markets	 and	 landings	 from	 three	 sites	 below	 the	 latitude	








AMPureXP	 beads	 (Beckman	 Coulter,	 Inc.)	 for	 input	 into	 library	
preparation.
2.1 | RAD library preparation and sequencing
Restriction	site‐associated	DNA	(RAD)	 libraries	were	prepared	fol‐
lowing	a	modified	ezRAD	protocol	 (Toonen	et	al.,	2013).	Genomic	
DNA	was	 cut	 at	 5’‐GATC	 sites	 using	 the	 isoschizomers	MboI	 and	
Sau3AI	 (New	 England	 Biolabs).	 Cleaned	 template	 DNA	 bound	 by	
AMPureXP	beads	was	eluted	in	21.5	µl	of	water	and	digested	over‐





was	 size‐selected	 for	 350‐bp	 fragments	 and	 dual‐indexed	 adap‐
tors	 ligated.	Libraries	were	enriched	with	an	8‐cycle	PCR	reaction	
using	 manufacturer’s	 cycling	 parameters.	 Ligation	 was	 confirmed	
and	 libraries	 quantified	 using	 qPCR	 amplification	 with	 a	 KAPA	
Library	 Quant	 Kit	 (KAPA	 Biosystems).	 The	 library	 products	 were	
run	through	a	BluePippin	(Sage	Science)	using	2%	agarose	dye‐free	
cassettes	 for	 additional	 size‐selection,	 which	 was	 confirmed	 via	
a	 Fragment	 Analyzer™	 (Advanced	 Analytical	 Technologies),	 and	
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reduced	libraries	for	205	individuals	were	paired‐end	sequenced	(PE	
100)	on	an	Illumina	HiSeq	2,500	and	4,000	at	60	libraries	per	lane.
2.2 | Read processing, SNP filtering, and 
outlier detection
Forward	 and	 reverse	 reads	 were	 truncated	 to	 90	bp	 and	 quality	





ing	 the	CD‐HIT	 sequence	 similarity	 parameter	 (‐c)	 to	0.92	 and	 in‐




Filtering	 parameters	 were	 modified	 from	 recommendations	 in	
dDocent	content	(https://github.com/jpuritz/dDocent/).	Preliminary	
filtering	to	remove	samples	with	high	amounts	of	missing	data	and	
erroneous	 calls	 was	 done	 with	 VCFtools	 (Danecek	 et	 al.,	 2011).	





















The	 filtered	 panel	 of	 SNPs	was	 tested	 for	 outliers	 using	 both	
frequentist	 and	Bayesian	 approaches	with	 the	programs	LOSITAN	
(Antao,	 Lopes,	 Lopes.,	Beja‐Pereira,	&	Luikart,	 2008;	Beaumont	&	
Nichols,	1996)	and	BayeScan	v2.1	(Foll	&	Gaggiotti,	2008),	respec‐
tively.	 LOSITAN	employs	an	FST‐outlier	 approach	 for	 selection	de‐
tection,	 evaluating	 the	 relationship	between	FST	 and	He.	 LOSITAN	





parameters.	A	 false	discovery	 rate	 (FDR)	correction	 (α	=	0.05)	was	
set	 in	 both	 programs,	 and	 any	 loci	 identified	 as	 outliers	 by	 either	
program	after	correction	were	removed	to	produce	a	neutral	panel	





2.3 | Genetic differentiation and spatial clustering
Multiple	approaches	were	used	to	examine	the	level	of	genetic	con‐
nectivity	 among	 sites.	 Pairwise	 genetic	 differentiation	 between	
populations	(FST)	was	generated	from	putatively	neutral	SNPs	in	the	
program	 GenoDive	 v2.0b27	 (Meirmans	 &	 Van	 Tienderen,	 2004).	




adaptive	 loci	with	 a	 principal	 components	 analysis	 (PCA)	 in	 the	 R	
package	 “adegenet”	 (Jombart,	2008;	 Jombart	&	Ahmed,	2011).	All	
remaining	analyses	were	run	exclusively	on	the	panel	of	neutral	loci.
The	 power	 of	 different	 methods	 to	 estimate	 the	 number	 of	
discrete	 genetic	 populations	 within	 a	 dataset	 can	 vary	 based	 on	
a	 species’	 dispersal	 characteristics	 and	 the	 spatial	 distribution	 of	
sampling	 (Murphy,	 Evans,	Cushman,	&	 Storfer,	 2008;	 Schwartz	&	
McKelvey,	 2008),	 therefore	 the	 use	 of	 multiple	 methods	 to	 de‐
tect	 barriers	 is	 recommended	 (Blair	 et	 al.,	 2012).	 The	 program	
STRUCTURE	v2.3.4	(Falush,	Stephens,	&	Pritchard,	2003;	Pritchard,	
Stephens,	&	Donnelly,	2000)	was	used	to	identify	distinct	genetic	
clusters	 and	 assign	 individuals	 to	 populations	 under	 the	 assump‐
tion	of	population	admixture	and	correlated	allele	frequency.	Runs	
consisted	of	a	burn‐in	period	of	50,000	MCMC	iterations	followed	





termine	 the	most	 likely	 number	 of	 clusters.	 Replicate	Q‐matrices	
for	 the	 optimal	 K	 were	 processed	 with	 the	 Greedy	 algorithm	 in	
CLUMPP	 v1.1.2	 (Jakobsson	&	 Rosenberg,	 2007)	 in	 order	 to	 pro‐
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nuclei	 in	 the	 Poisson‐Voronoi	 tessellation	 process	 fixed	 to	 348.	
Samples	from	each	location	shared	the	same	spatial	coordinates	so	





Distinguishing	 spatial	 clustering	 from	 clinal	 genetic	 differenti‐
ation	 can	 be	 challenging	 since	 tests	 for	 one	 can	 be	 biased	by	 the	
presence	 of	 the	 other	 (Guillot,	 Leblois,	 Coulon,	 &	 Frantz,	 2009;	
Meirmans,	 2012;	 Schwartz	 &	 McKelvey,	 2008).	 One	 suggested	













2.4 | Genetic diversity, effective population 
size, and relatedness
To	 examine	 sites	 for	 the	 presence	 of	 edge	 effects,	 we	 assessed	
genetic	diversity,	 effective	population	 size,	 and	 relatedness	within	
sampled	 sites.	 Measures	 of	 genetic	 diversity	 were	 generated	 in	
Genodive.	Estimates	of	contemporary	effective	population	(Ne)	size	










estimators	 in	 the	R	package	“related”	 (Pew,	Muir,	Wang,	&	Frasier,	







A	 total	 of	 2,713	 SNPs	 were	 retained	 after	 filtering.	 Outlier	 tests	
detected	36	 loci	putatively	under	divergent	selection	 (11	of	which	
were	identified	by	both	LOSITAN	and	BayeScan).	A	blast	search	of	
these	 36	 loci	 resulted	 in	 significant	 alignments	 for	 approximately	
14%	(5	RAD	tags)	to	known	genomic	regions	in	other	fishes,	includ‐
ing	 Dicentrarchus labrax,	 Oplegnathus fasciatus,	 Solea senegalensis,	
Stegastes partitus,	and	Larimichthys crocea.	One	tag	had	a	94%	iden‐













Principal	 component	 analysis	 (PCA)	 also	 indicated	 that	 the	
peripheral	population	 in	Okinawa	was	genetically	different	 from	
the	others.	A	PCA	using	the	neutral	SNP	panel	separated	all	but	
one	of	 the	Okinawa	fish	 from	those	at	other	 locations	along	the	
axis	of	the	first	principal	component	(Figure	2a).	The	first	principal	
component	 (PC)	 accounted	 for	 only	 1.33%	 of	 the	 total	 variance	
measured	in	the	neutral	panel	of	SNPs,	but	this	is	more	than	twice	
the	variation	of	the	average	axis.	A	PCA	performed	on	the	36	SNPs	
identified	 as	 outliers	was	 similar	 to	 the	 PCA	of	 neutral	 loci,	 but	
TA B L E  1  Site	statistics	for	Caesio cuning	along	the	Kuroshio	Current
Location abbv GPS coordinates Collection date n N Ao (%) Ho He GIS
Okinawa OKI 26.47754	N,	127.80504	E Sept	2014 56 33 99.1 0.2617 0.2587 −0.0119
Ishigaki ISH 24.37328	N,	124.08956	E April	2014 74 32 99.6 0.2594 0.2599 0.0019
Santa	Ana SAN 18.53085	N,	122.09347	E April	2015 51 39 99.9 0.2603 0.2602 −0.0005
Atimonan ATI 14.00466	N,	121.92334	E May 2014 59 35 99.9 0.2615 0.2612 −0.0015
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the	 fish	 from	 Ishigaki	were	 also	 distinct,	 resulting	 in	 three	 clus‐
ters—one	comprised	of	the	samples	from	Okinawa,	one	comprised	
of	the	samples	from	Ishigaki,	and	one	comprised	of	the	Philippine	









assigned	 to	 a	 second	cluster	with	 all	 individuals	 from	 the	 central	
Philippines	 sites	 (Figure	 3).	 The	 GENELAND	 run	 with	 the	 larg‐
est	 log‐likelihood	 score	 assigned	 the	 individuals	 from	 the	 three	
Philippine	 sites	 to	 one	 cluster,	 the	 individuals	 from	 Ishigaki	 to	 a	
second	cluster,	and	the	individuals	from	Okinawa	to	a	third	cluster.
A	 basic	Mantel	 test	was	 significant	 for	 correlation	 between	 ge‐
netic	and	geographic	distance	(r	=	0.6061,	p	=	0.0083,	Figure	4).	The	










3.2 | Genetic diversity, effective population size and 
relatedness
Summary	 statistics	 by	 site	 are	 reported	 in	 Table	 1.	 Observed	 and	




































4.1 | Genetic differentiation within the Kuroshio 
Current
Examination	of	genetic	differentiation	across	the	sampled	sites	 in‐
dicates	 that	 peripheral	 populations	 in	 Caesio cuning are	 disjunct,	
despite	 the	 potential	 for	 connectivity	 with	 central	 sites	 via	 the	
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Kuroshio	Current.	Across	all	 sites,	both	the	PCA	and	STRUCTURE	
analysis	show	strong	support	for	at	least	two	genetic	clusters,	one	





dividuals	 sampled	 from	 Ishigaki	 and	Okinawa	 from	 those	 sampled	
from	the	east	coast	of	the	Philippines.	Putative	proximity	to	coding	
regions	of	many	of	these	outlier	loci	may	indicate	that	conditions	in	
peripheral	 populations	 are	 driving	 local	 adaptation,	 but	megablast	
search	results	are	not	conclusive	enough	to	make	direct	connections	
to	functional	genomic	regions.
The	 GENELAND	 results	 supporting	 three	 clusters	 are	 likely	 a	
result	 of	 both	 the	 scale	 of	 geographic	 distance	 between	 sampled	
sites	and	deviations	from	model	assumptions.	When	coordinate	un‐
certainty	was	changed	to	10	km	or	even	50	km,	GENELAND	never	
assigned	 individuals	within	 sites	 to	different	 clusters	 despite	 both	
the	PCA	and	STRUCTURE	results	indicating	that	an	individual	sam‐
pled	 from	Okinawa	was	most	closely	aligned	to	 the	genetic	signa‐
ture	 of	 Ishigaki.	 These	 results	 suggest	 a	 spatially	 explicit	 method	
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p = 0.0417









isolation‐by‐distance,	which	 partial	mantel	 tests	 indicated	 is	 pres‐
ent	across	the	five	sampled	sites,	could	result	in	overestimating	the	
number	of	genetic	clusters.
The	 presence	 of	 isolation‐by‐distance	 between	 sites	 sup‐
ports	evidence	from	observations	of	 larval	behavior	that	C. cuning 
do	 not	 regularly	 disperse	 long	 distances.	 A	 previous	 study	 using	
mitochondrial	DNA	found	no	evidence	for	IBD	though	long‐distance	




Though	 sites	 in	 the	 Philippines	 belong	 to	 the	 same	 genetic	
lineage,	 pairwise	 genetic	 distances	 were	 significantly	 different	
between	all	but	the	two	northern	sites,	Santa	Ana	and	Atimonan,	
which	may	reflect	a	combination	of	geographic	and	oceanographic	
barriers	 to	 connectivity	 with	 Guiuan.	 Continual	 shoreline	 con‐
nects	 Santa	 Ana	 and	 Atimonan,	 but	 the	 ~17	km	 San	 Bernardino	
Strait	divides	the	coastline	between	Atimonan	and	Guiuan.	While	
there	are	likely	equivalent	lengths	within	the	coastline	that	do	not	
have	 appropriate	 reef	 habitat	 to	 support	C. cuning,	 the	 presence	
TA B L E  2  Pairwise	genetic	and	geographic	distance	values
Site Okinawa (OKI) Ishigaki (ISH) Santa Ana (SAN) Atimonan (ATI) Guiuan (GUI)
OKI – 504 1,080 1570 1718
ISH 0.0106** – 694 1,184 1,495
SAN 0.0114** 0.0026** – 541 997
ATI 0.0122** 0.0041** 0.0004 – 687
GUI 0.0132** 0.0046** 0.0008* 0.0009* –
Notes.	Pairwise	FST	values	are	reported	in	the	lower	diagonal,	and	pairwise	geographic	distances	(in	kilometers)	are	reported	in	the	upper	diagonal.
*Significant,	p	≤	0.0355.	**Significant,	p = 0.0001. 
TA B L E  3  Mantel	and	partial	Mantel	tests	for	isolation	by	distance	(IBD)
Test x y z r p‐value
Mantel IBD FST Geographic	distance – 0.60610 0.0083
Partial	Mantel IBD FST Geographic	distance Clusters 0.7894 0.0333






r2 < 1 r2 ≤ 0.5
OKI 31.4 2,258	(1,590–3,881) 5,731	(2,780‐Inf)
ISH 30.4 4,423	(2,422–25,010) Inf	(14,535‐Inf)
SAN 38.5 5,967	(3,317–29,345) 14,322	(4,941‐Inf)
ATI 33.2 Inf	(6,509‐Inf) Inf	(Inf‐Inf)
GUI 34.5 Inf	(33,833‐Inf) Inf	(Inf‐Inf)
ATI‐SAN 71.7 Inf	(15,713‐Inf) Inf	(16,775‐Inf)
GUI‐ATI‐SAN 106.2 Inf	(23,325‐Inf) Inf	(25,688‐Inf)
GUI‐ATI‐SAN‐ISH 136.7 34,814	(15,535‐Inf) 41,608	(17,107‐Inf)




TA B L E  4   Ne	for	C. cuning	along	the	
Kuroshio	Current.	S	is	the	harmonic	mean	
sample	size	for	each	population
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esized	 to	 restrict	 genetic	 connectivity	 of	 reef	 species	 along	 the	
east	coast	of	the	Philippines,	and	genetic	structure	supporting	this	
has	been	 found	 in	 a	giant	 clam	species	 (Tridacna crocea)	 (Ravago‐
Gotanco,	Magsino,	&	Juinio‐Meñez,	2007).
4.2 | Edge effects in peripheral populations
While	cluster	analyses	clearly	differentiate	Okinawa	from	the	other	











The	 estimates	 of	 contemporary	 effective	 population	 size	
presented	here	should	be	viewed	as	spatially	informative	rather	
than	 as	 accurate	 estimates	 of	 true	 effective	 population	 size	 in	
these	locations.	Simulations	have	shown	precise	estimation	of	Ne 
using	the	LD	Ne	method	can	be	achieved	with	small	populations	
(Ne	<	200),	 but	 reliable	 estimates	 of	Ne	 from	 large	 populations	





ulations	 from	 the	 center	 to	 the	periphery	of	 the	 species	 range.	
This	 pattern	 holds	 true	 even	 when	 sample	 sites	 are	 combined	
based	on	the	significance	of	FST	values	or	PCA,	STRUCTURE,	and	
GENELAND	results.















very	 similar	 central‐peripheral	 patterns	 to	 C. cuning	 (Kurokochi	
et	 al.,	 2016).	A	 few	 support	 the	Kuroshio	Current	 as	 a	 homoge‐
nizing	force	across	continuous	populations	in	the	Philippines	and	
the	 Ryukyu	 Islands.	 Though	 not	 explicitly	 examining	 population	
dynamics	across	 this	 central‐peripheral	 junction,	 a	microsatellite	
analysis	 of	 a	 seastar	 (Acanthaster planci)	 showed	 no	 differentia‐
tion	 between	 a	 site	 in	 the	 central	 Philippines	 and	 the	 Ryukyu	
Islands	and	no	decrease	in	genetic	diversity	(Yasuda	et	al..,	2009).	
Microsatellite	 analyses	 of	 three	 species	 of	 seagrass	 (Cymodocea 
serrulata, Cymodocea rotunda, and	 Enhalus acoroides)	 indicate	
that	 recruitment	 to	 the	 Ryukyus	 occurs	 from	 the	 northeastern	
Philippines	(Arriesgado	et	al.,	2015,	2016	;	Nakajima	et	al.,	2014).	
Reduced	genetic	diversity	was	only	found	in	Ryukyu	Island	popu‐
lations	of	E. acoroides and	C. serrulata,	however,	providing	further	
evidence	 that	 many	 tropical	 taxa	 may	 not	 experience	 measur‐
able	 edge	 effects	 in	 peripheral	 populations	within	 the	 Kuroshio	
Current.
The	 results	of	 this	 study	 indicate	 that	genetic	patterns	 from	
central	to	peripheral	populations	of	C. cuning	within	the	Kuroshio	
Current	 are	 influenced	by	both	dispersal	 ability	 and	 local	 adap‐
tation	 in	marginal	habitat.	With	 the	predominance	of	 this	west‐
ern‐boundary	current	and	the	shelf	topography	in	this	region,	no	
known	physical	barrier	has	 limited	pelagic	 larval	dispersal,	 even	
during	the	low	sea	levels	of	the	Pleistocene	epoch	(Voris,	2000).	
Given	 the	dominance	of	a	single	 lineage	 in	 the	Philippines,	con‐
tinuous	habitat	appears	to	be	influential	enough	to	prevent	large	
amounts	 of	 genetic	 divergence.	Once	 this	 continuous	 shoreline	
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habitat	gives	way	to	disjunct	islands,	patterns	of	isolation‐by‐dis‐
tance,	 and	 peripheral	 divergence	 arise.	 Enough	 dispersal	 from	
the	 Philippines	 to	 Ishigaki	 appears	 to	 be	 occurring	 to	 make	 in‐
dividuals	 in	 this	 island	 more	 similar	 to	 those	 in	 the	 Philippines	
than	Okinawa,	even	 though	Okinawa	 is	nearly	200	km	closer	 to	
Ishigaki.	 However,	 what	 roles	 successively	 decreasing	 effective	
population	sizes	across	these	disjunct	stepping‐stones	and	local‐
ized	 selective	 pressures	 in	 increasingly	 subtropical	 habitat	 play	
in	 shaping	 this	 pattern	 cannot	 be	 determined	 from	 these	 data.	
Studies	 of	 additional	 taxa	 with	 a	 range	 of	 dispersal	 potential	
and	peripheral	genetic	diversity	or	comparative	studies	examin‐
ing	 differences	 in	 gene	 expression	 in	 individuals	 in	 central	 and	
peripheral	 populations	 will	 be	 needed	 to	 further	 untangle	 the	
relative	 influences	 of	 dispersal	 ability	 and	 selective	 pressure	 in	
shaping	patterns	 in	peripheral	populations	of	 tropical	 species	 in	
the	Kuroshio	Current.
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